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Specifications for discarding uranium-containing waste materials from
the batch recovery processes in K-131 and K-1410 on a contimuing basis
‘have been developed and are presented in the attached report. These
specifications have been based on the economics of the processes and
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have been derived on the basis of an economic balance of uranium re-
covery costs versus established "wvalues" of uranium at various iso-

. topic assays. The uranium "values" are based on the value of top pro-
duct-assay uranium set at $50.40 per gram by the Atomic Energy Commis-
sion,* _
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Energy Commission.

This report summarizes these specifications and the basic assumptions
°which wvere required in their derivation., The application of such
~ gpecifications will result in a marked improvement in the economic:
efficiency of the aforesald recovery processes without any loss in
the reliability of material accounting controls.

§ Material to be discarded should be stored for possible reprocessing
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> at other Atomic Energy Commission installations provided the econocmics
T and suitability of the processes so permit. Material not stored will
““be discarded in accordance with prevailing standards of health and

safety.
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" Carbide and Carbon Chemicals Corporation

Contractor for the U.S. Atomic
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;« ¥Sapirie, S.R., Projected Unit Cost Data, United States Atomic Energy
itz"’ Commission, Oak Ridge, Temnessee, July 15, 1952, ORO 20520 (Secret),
|~ letter to Mr, C.E. Center, Carbide and Carbon Chemicals COmpany, Oak
it = Ridge, Tennessee.
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Since these discard limits are based on the economics associated
with the operating units at K-131 and K-1410, the limits will be
used only by these units and will be reviewed for revisions as
improvements are made in the processes.

Je A. Parsons

TMMiller/ke
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SPECIFICATIONS FOR SF MATERIAL DISCARD

Part I. Discard Limit Specifications for the Uranium Recovery Process at
K-131l: The materials to be discarded are weak nitric acid water
solution (the uranium content of which has been substantially ex-
tracted and purified by a batch-wise solvent extraction operation),
lime cake, and untreated waste solution. The weak acid solution
is derived from two types of material charged to the process;
waste solutions and lime cake, the latter resulting from concentra-
ting very weak solutions by a lime floceing operation,

The practicability of uranium recovery is wholly influenced by
the extraction operation, which extracts smaller successive in-
crements of uranium with each successive extraction. Table I
indicates discard limit specifications for wesk acid water solu-
tions, lime cake, and untreated solutions for various uranium
235 assay ranges. Solutions and lime cake having uranium con-
centration below these specifications would be discarded.

It should be noted that at the lowest assay ranges listed the
weak acid water solutions derived from very dilute uranium solu-
tions may be discarded at higher assays than wesk acld water
solutions derived from dilute uranium solutions and lime cake,
This amounts to a higher discard limit for low assay waste solu-~
tions having very dilute solutions as the parent material, The
higher discard limit is due to the additional fixed cost in-
volved in concentrating very dilute solutions by means of the
lime floccing process and to the fact that discard limit con-
centrations are more sensitive to variations in fixed costs at
the lower assays.

A brief description of the recovery process at K-131, together
with the method of deriving these dlscard limit specifications,
is presented in Appendix A of this report.
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Part II.

Dlscard Limit and Economiec Limits of the Uranium Recovery Process
at K-1410: The material to be discarded is contaminated waste
solutions which result from the decontamination of process equip-
ment and which have not been processed for uranium recovery at
K=-1410, The discard limit specification for this material (as
shown in Teble II) was based upon the total unit fixed cost of
the K=1410 urenium recovery process.

Teble IT
Digeard Limit Specification for
the K-1410 Recovery Process

Material Discard Limit Assay,
Wt, fraction U-235

Contaminated Waste Solution 0,0090

Solutions having assays below 0.0090 welght fraction would be
discarded. Those with assays of 0.0090 and above would be pro-
cessed for recovery.

Because of the high incremental cost of uranium recovery at
K-l!t-lo, material from this recovery process will be reprocessed
at K-131 for further uranium recovery in accordance with the
discard limit specification for K-131 as presented in section

I of this report.

" This material is ammonias-water solution the uranium content of

vhich has been substantially removed by a precipitation process.
The ammonia solution is derived from contaminated waste solutions
resulting from the decontamination of process egquirment.

The practicability of wranium recovery is wholly influenced by
the precipitation process, which precipitates smaller successive
increments of uranium with each successive precipitation. Table
ITY indicates economic limits in terms of the uranium concentra-
tion of the ammonia-water solution after the first precipitationm,
ppm, for various uranium 235 assays. It would be uneconcmical to
further process uranium concentrations below these limits by pre-
cipitation.




Table III

Economic Limits of Uranium Recovery
from Ammonia-Weter Solutions in the

K-1410 Uranium Recovery Process

Uranium Concentration in the

Wt. Fraction Ammonie Solution after the
U-235 First Precipitation, ppm.
0'930 1002
0.649 15
0.386 25
0.19% 50
0.107 100

It is readily apparent that these economic limits are considerably
higher than the digeard limit specificatlions for K-131. For this
reason, contaminated waste solutions will be given one precipita-
tion treatment at K-1410, then discarded or reprocessed at K~131
vhere the uranium will be further removed until the discard limit
specification appropriate to the assay of the material is reached.

A brief description of the recovery process at K-1410 together
with the method of deriving the discard limit and economic limits,
is presented in Appendix B of this report.




Amndix A

Method of Deriving Discard Limit Specifications
for the Uranium Recovery Process at K-131

Uranium conteminated water solution or lime cake* is charged to
a dissolver which prepares the solution for solvent extraction.
The solution or lime cake in the dissolver is acidified with
nitric acid, and the resulting weak acid solution is filtered
and sent to the extractor. The uranium in the solution is ex-
tracted batch-wise with a mixture of 15% tributyl phospbate
and 85% Varsol, the nmumber of extractions dependent upon the
f£inal concentration desired in the aqueous phase. The purified
uranium is backed out of the solvent with water, and ammonia is
added to precipitate the uranium from the water solution as am-
monium diuranate. The precipitate is filtered, calcined to
mnimﬁo oxide, ground, and fluorinated to uranium hexafluoride
at K-1401, ’

Unit cost estimates in dollars per gram have been based on actual
process costs and uranium yields and include charges for direct
and indirect labor, direct and indirect materials, sample analyses,
and overhead -- the latter figure as 100% of direct amd indirect
labor. These process costs cover the entire recovery process

from the initial contaminated solution tQ the final product,
. urapium hexaflucride. Process costs do not include the cost of

decontaminating the equipment since this must be done regardless
of whether the uranium is recovered. Unit costs were divided
into unit fixed costs and unit variable or incremental costs,
the latter applying to the extraction operation. TFor dilute
uranium solutions, the total fixed cost of recovery is distri-
buted as follows:

Unit Operation or Process Unit Fixed Cost, ﬂm
Dissolving, Precipitation, and '
Reduction . 0.17h
Fluorination (at K-1301) 0.0k
Material Handling 0,010
Total Unit Fixed Cost 0.228

In the case of processing very dilute uranium solutionms, the unit lime
£loc cost is $0.172 per gram, making the total unit fixed cost $0.40

per gram, .

~

* Lime cake is derived from the processing of weak uranium waste
solutions with lime in order to concentrate the uranium, there-
by easing storage problems. '

i




The unit variable cost of the extraction operation is based on
an average fixed cost of $11.85 per extraction divided by the
ineremental grams of uranium recovered per extraction. As an
exsmple and based upon experience, the incremental amount of
urenium recovered per extraction was calculated as follows:

An average initial uranium concentration of 4508 ppm
in the aqueous phase and an average concentration of
64 ppm after the fourth extraction were used in the

equation
) s
Xc = XiD
where X = initial uranium concentration in the
¢ agueous phase, ppm
X, =

5 uranium concentration in the aqueous
phace after the ith extraction, ppm

D = constant

th

i number répresenting the i extraction

This equation follows from the Distribution Law. With the above
average values of X = 4508, X, = 64, and 1 = 4, D = 2,90

The incremental quantity extracted, A X,, between the 1° and
1th | .1 extraction was then calculated %y the equation

AX, =X (@'i-n‘(i*lp

Each total unit fixed cost was added to the variable cost of the
extraction operation to obtain the corresponding unit ineremental
recovery cost, or the cost of processing each successive incre-
ment of uranium recovered in the extraction operation.

The results of the above ecalculations were plotted on log-log .
coordinates as ineremental unit recovery cost, dollars per gram
versus uranium concentration in the aqueous phase after the ith
extraction, ppm, resulting in the two curves shown in Figure 1 --
one for dilute uranium solutions and lime cake, and the other for
very dilute uranium solutions.

Figure 1 was used in conjunction with Figure 2, which shows the
relationship between the weight fraction of wranium 235 and the
"value" of uranium as uranium hexafluoride, dollars per gram.*

*Sapirie, S.R., Projected Unit Cost Data, United States Atomic
Energy Commission, Oak Ridge, Tennessee, July 15, 1952, ORO 20520
(Secret), letter to Mr, C.E. Center, Carbide and Carbon Chemicals
Company, Oak Ridge, Tennessee.
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The dollars per gram variable common to Figures 1 and 2 was
eliminated to obtain the two curves shown in Figure 3 of
economic limit, uranium concentration in the agueous phase
after the itR extraction, ppm, versus the weight fraction of
uranium®35 in the material,

Eeonomic limits are higher f‘or weak acid solutions derived
from very dilute uranium solutions at lower assays because

of ‘additional fixed cost involved in the lime floccing opera-
tion.

Assay ranges at various uranium concentrations were selected
and stepped off as shown in Figure 3 to obtain the discard
1imit specifications presented in section I of this report.
Such specifications are more convenient to apply than a curve,

The discard limit specifications for lime cake, and the two
types of untreated solutions (dilute and very dilute uranium
concentrations) were derived by relating the uranium concen-
trations of these materials with the weak acid-uranium water
solutions derived from these materials as follows:

For each batch of lime cake processed in the dissolver,
a ratio of the observed uranium concentration in the
lime cake to that in the weak acid water solution was
calculated. A mean of these ratios was then used as a
Pactor to convert the discard limit uranium concentra-
#ions of the weak acid water solution to that of the
lime cake. Discard limit concentrations of the un-
treated dilute uranium solutions were derived in the
same manner, '

Since very dilute uranium solutions are first concen-
_trated by.a lime floccing process, a ratio of the ob-
served urshium concentration in the very dilute solu-
tion to that in the lime cake was calculated for each
bateh of solution so processed. A mean of these ratios
wvas then used as a Pactor fo convert the discard limit
uranium concentrations of the lime cake to that of the
very dilute solutions. :




: ‘1 94nbid
DEaa.:o:oo:xwﬂ_.&toomo.._n_ msow=a<:_:o:o::wo:ooss_:o..:

€ < 1 90 +0 20 I'o

00001 000§ 000l 00S 002 00t 0S o2 o 2
i m i ] T o
H i m““ I
:m nm 1REN [ Xi
90D 8w)T B Suoynjos 8nIa i i | 30
£ i 1 3UDEB
141 1 1% ‘mand €0 3
S2S2zESSEE: = H 355 e m
suoynjog on|iQ  K4oA = = G0 w
| it :.mm £ : £5 == 5
W T £ = = ®
| = 2
| L
1 i N . 1)
] | | 8
N [}
1 <
1 1 i N nlv
I -<
-1 : EEE = = 3. I H"“L.H n MOUIH
= fansss 1y o
: HiEH _ i : g
H EE HiE2E0s: T = ‘»
;. i m 5 1 i .w
i H 2| ot M
J1VNIJ4VYH 3IHL NI SNOILVHLN3ONOD
WNINVYN SNOINVA L1V S$S3008d IEI-¥ 3HL _ bt
40 1S0D AY3IA003H WNINVYN TVINIWIHONI | i 032




2 94nbid

) wpab /$10110Q ‘aplION|JOXBH WNUDAN SO WNUDIA O an|oA

00'00! 0008S 000! 00¢ 001 0G0 - 010 600 100 G000 1000
i

x . Hine I 1000
i | 1phoss L i : .
e -
H 12 i Hi = £ H ESSS B
S22 H FEEH == 2 = a3 E = N
= 3 s G000
i i : EEE] i = 3
i j gifeiacEEas i fitiiiiessascges e
i == s i : i msiisEesag 5
= : z i iiczggp=- nn_o.o -
I N Jirt L . - S
il m 1 i il I i LR 11 S
L . TH1 T HH c
HH I HH Fm IH I 3
‘ i .4 i o e Sseamzm= AT o
I ’ T HHHH = g 13 W
i i i 1 il i IR Hiveery o
3 2 H £ xn T = = H 8 | k I ‘”, w
: = e : s i iy Hs00 S
i = H = - it = ol
it S t i 1 : il e o
SRR T H - = z H = ~
s=oc M SRR EREES il il <
= = 2 = u 1 —.o m
iy i} 1 -

i mii T "SAVSSY 01d010S! guanun
| I i H SNOIYVA 1V 3aIHONT4VX3H T
i i il £ WAINYYN SV WAINYEN 40 3NTVA T
i i 1 H _ i

(o]




12
Z 10,000
SEGRE]
2] e £ HEisss
S 3 5000
3 .
: @ E
-]
L
3 o :
B O s fr
- < B
- > Hi
i = al
. 1000
3
= 0 D.
: 500 €
Q
: e s
S
2
=
7 w
1 1T
i £
] 1 -
100
2
b=
a
50 o
F =
a
i H EE = === §
i ) P
i e 3
S
] <
£
H% [
8
10 @
€
4
(3
[ -1
=
50 ©
£
3
=
i i 2
=
: : 3
= S
ECONOMIC LIMITS OF THE K-131 URANIUM == ©
u £
RECOVERY PROCESS AT VARIOUS 10 s
o
ISOTOPIG  ASSAYS S
05
T 0 - s Ex
i o.l
10 05 ol 0.05 00l 0005 \ ooy
Weight Fraction Uranium 235, grams U235/ gram U. \

Figure 3.




Appendix B

Method of Deriving a Discard Limit and Economic
Limits for the Uranium Recovery Process at K-1410

A uranium contaminated water solution containing peroxides and
carbonates is charged to a digester which prepares the solu-
tion for precipitation. The solution in the digester is ,
acidified with nitric acid, and the resulting unstable hydrogen
peroxide and carbonic acid are removed with a fine bubble nit¥o-
gen "purge”. Ammonia is then added to precipitate the uranium
as smmonium diuranate, which is filtered, calcined to uranium
oxide, and fluorinated to uranium hexafluoride at K-1301l. The
precipitation-filtration process is repeated for ammonis solu-
tions having significant uranium concentrations after the first
. precipitation.

Unit cost estimates in dollars per gram have been based on
actual process costs and uranium ylelds and include charges for
direct and indirect labor, direct and indirect materials, sample
analyses, and overhead -- the last figured as 100% of direct
and indirect labor. These process costs cover the entire re-
covery process from the initial contaminated solution to the
final product, uranium hexafluoride. Process costs do not in-
clude the cost of decontaminating the equipment.

Unit costs were divided into unit fixed costs and unit variable
or incremental costs, the latter applying to the precipitation

operation. The total unit fixed cost of recovery is distribu-

ted as follows:

Unit Operation or Process Unit Fixed Cost, §tﬂ°

Acidification, Precipitation,

and Reduction 0.136
Fluorination (at K-1301) 0.0kh
Materials Handling 0,010

Total Unit Fixed Cost 0.190

The above unit cost corresponds to a discard limit assay of 0.9
weight percent uranium 235 on the uranium value curve shown in
Appendix A, This value was reduced to 0.90 as the discard limit
specification in keeping with conservative discard practices.

The unit variasble cost of the precipitation process is based on
an average fixed cost of $23.32 per precipitation divided by the
incremental grams of uranium recovered per precipitation. The
ipneremental amount of uranium recovered per precipitation was
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- Dl

. MM. e SSRN o
. ey e, *teony
By RH:W

v




caleulated as follows:

The second precipitation reduces the uranium
concentration in the symonia solution to an
average concentration of 2 pmm. Assuming
various uranium concentrations after the first
precipitation of 100 to 3 ppm, correspondiing
incremental amounts of wranium removed in the
second precipitation weré ecalculated.

This analysis was not a.ppliéd beyond the second precipitation,
since the incrementzl unit recovery cost would have far exceeded
the top product uranium assay value of $50.40 per gram,

The total unit fixed cost was added to the variable cost of the
precipitation operation to obtain the corresponding unit incre-
mental recovery cost, or the cost of processing the increment of

" uranium recovered in the second precipitation,

The results of the above calculations were plotted on log-log co-
ordinates as unit incremental recovery cost of the second pre-
cipitation, dollars per gram, versus uranium concentration in
the solution after the first precipitation, ppm, as shown in

Figure 4 was used in conjunction with the curve presented in
Appendix A of weight fraction uranium 235 versus the value of
uwranium.as uranium hexafluoride, dollars per gram, in the same
manner a8 that used in Appendix A, The dollars per gram variable
common to both curves was eliminated to obtain the table shown
in section II of this report -- economic limit, uranium conecen-
tration in the ammonia solution after the first precipitation,
ppx, for various uranium assays.
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